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Summary. Tensile surface structures have been used in both permanent and temporary 
constructions. Using a light, flexible fabric as most important component, these structures 
have already displayed a great versatility in forms and uses as well as a high material 
performance and low self weight. 
Key in using a prestressed fabric is the double curved surface, being it either synclastic or 
anticlastic. To achieve these shapes using a flat fabric, the complex shapes are approximated 
by a finite number of flat panels, called cutting patterns. Generating and producing these 
cutting patterns however requires a lot of expertise, is often very time consuming and requires 
the need to connect the different panels together, such as welding or stitching. Finding a 
method that facilitates temporary double curved structures by eliminating the need for a 
thought out cutting pattern, would greatly simplify the design process and broaden the use of 
fabrics in architectural applications. 
During this preliminary research, we tested a very stretchable fabric material (Sioen 
F5637) to derive its material characteristics. Afterwards we designed a simple double curved 
structure, which starts from a single flat piece of this material, and modelled the transition 
from an untensioned, flat piece of fabric to a three dimensional pretensioned curved surface 
computationally to check the concept’s feasibility. Finally, the results from the computational 
model were verified with a small-scale prototype. 
This paper gives an overview of the structure's design process and discusses both the 








Prestressed fabric structures rely mainly on a combination of both pretension and double 
curvature, being it synclastic or anticlastic, for their structural stability and load bearing 
behaviour. Where tensioning a fabric provides structural stiffness by prestressing the material, 
adding double curvature to a tension-only structure drastically improves the structural 
behaviour by adding geometrical stiffness. However, this kind of surface is usually not 
developable, meaning it cannot be constructed from a single flat pattern. 
Cutting patterns are generated by subdividing the designed surface and approximating each 
segment by a flat piece of fabric, which is then shrunk down slightly to account for permanent 
straining of and the prestress in the fabric (= “compensation”). These cutting patterns are then 
joined together, typically by stitching or welding, to create a single non-flat piece of fabric 
which approximates the undevelopable double curved surface when prestressed to the 
designed value (Figure 1).1 2 3 
  
Figure 1: Typical cutting pattern for a hypar structure.4 
The generation of these cutting patterns however introduces an extra step in the already 
unique design process involved with tensioned fabric. This made us ask the question whether 
it would be possible to create double curved structures without the need of cutting patterns by 
using a single flat piece of highly stretchable fabric material. Both prestress and curvature 
would be generated by stretching the fabric out of its flat configuration and fitting it in the 
provided three dimensional boundary conditions. 
In this paper, we verified the feasibility of this approach by means of a computational 
simulation. We compared a regular analysis, which starts with formfinding, to an analysis 
which started from a single flat piece of fabric as well as from a crude triangulated 
approximation of the intended shape. All structures were evaluated in terms of initial 
geometry, forces and stresses as well as under a snow and wind loading. 
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2 CONCEPT, MATERIAL AND ANALYSIS 
2.1 Test case 
In order to verify the feasibility of replacing the use of cutting patterns with a single piece 
of high strain fabric a test case was designed together with the architectural engineering 
students within the framework of the course “Workshop Lightweight Structures”. The 
structure is constructed on a circular ground plan with a radius of 2.22m and consists of three 
quarter-circle arches, which are joined in the middle, thus creating three low points on the 
edge and one high point in the middle, and three discrete high points along the edge which are 
kept in place by pasts and cables. The structure has a maximum span of 4.44m, a maximum 
height of 2.22m and consists of three identical modules, each one rotated by 120° around the 
centre point. By using arches, instead of only discrete high and low points, we were able to 
increase the height in the centre of the structure (Figure 2). 
 
Figure 2: Concept render of the design used to verify the feasibility of designing prestressed structures without 
cutting patterns. (Render by Siemen Goetschalckx) 
2.2 Material and properties 
The material chosen for this verification is Sioen F5637; a PU coated knitted polyester 
fabric. The combination of the high flexibility coating and the use of knitted fibres rather than 
a regular orthogonal weave, makes that this material has an extremely high maximum strain 
(Table 1) compared to a regular PVC coated polyester fabric with typical maximum strains 
ranging between 15% - 20%. 
Table 1: Sioen F5637 material properties provided by the manufacturer.5 
Weight (g/m²) 290 
Tensile strength warp (kN/m) 8 
Tensile strength weft (kN/m) 6 
Maximum strain warp (%) 90 
Maximum strain weft (%) 120 
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To verify these properties, both uniaxial and biaxial tensile tests were conducted on the 
material. The uniaxial tests, cyclic tests conducted on a sample with a width of 50mm, not 
only confirmed the mechanical properties provided by the manufacturer, but also showed a 
large permanent strain being present in the material: 30% for a stress equal to 25% UTS 
(Figure 3). Apart from the large uniaxial strain, the samples also showed an important 
transverse contraction due to the weaving pattern. This clearly shows in the biaxial test 
results, where this effect appears as a high Poisson coefficient (Table 2). 
  
Figure 3: Uniaxial tensile tests confirmed the provided strength and strain properties of the Sioen F5637 
material (left) and showed a large transverse contraction (right). 
For the biaxial testing, some considerations needed to be made. Due to the high straining 
of the material, our regular setup using a sample with a 30cmx30cm middle area would strain 
beyond the limits of the biaxial bench before reaching the required maximum load of 25% 
UTS, in this case 2kN/m6. This illustrates already an important practical limitation when 
dealing with this kind of materials. To overcome this limitation, a manual biaxial test was 
conducted by hanging weights from each of the four arms of the sample. This way, various 
load ratios could be simulated without the geometric limitations imposed by the biaxial rig, 
providing average linear orthotropic material parameters characterising the fabric for various 
load ratios (Table 2). These results show not much difference between the warp and weft 
direction, a lack of difference which can also be noted in the uniaxial test results (Figure 3): 
up to a load of 2kN/m, the stress-strain behaviour for both fibre directions is very similar. The 
big transverse contraction seen during the uniaxial tests results also here in relative high 
Poisson coefficients. 
Table 2: Biaxial material parameters for the Sioen F5637 material derived by biaxial testing and compared to 
a regular PVC-polyester fabric. 
 F5637 PVC - polyester (Sioen T2103) 
Ewarp (kN/m) 4.12 765.92 
Eweft (kN/m) 4.00 658.50 
νwarp (-) 0.82 0.37 
νweft (-) 0.80 0.32 
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2.3 Analytic setup 
All simulations presented in this paper have been conducted in Technet GmbH Easy 20157. 
This software package, aimed specifically at the design and analysis of fabric structures, 
approximates the continuous fabric material as cable net and implements the material 
properties as a linear orthotropic material model. Important to note here is that the free fabric 
boundaries were modelled without any reinforcement (e.g. cables). This way, the boundaries 
could strain unhindered where other elements, such as cables, would restrict the deformation 
of the flat piece of fabric. This however has as downside that the boundaries of the structure 
are significantly less stiff than they usually would be, which might have a negative impact on 
the deformations and general structural performance under loading. 
Like mentioned before, this paper discusses three different ways of designing the proposed 
case study. In a first case, a regular analysis method is followed. Here, the first step consists 
of determining the shape based on the imposed boundary conditions (fixed points, fabric 
prestress, cable tension forces, …), called the formfinding phase. After this, material 
properties are applied and the structure is analysed under various loads. Apart from the 
geometric boundary conditions, which consisted of three discrete high points and the three 
arches, the fabric was given a design prestress of 1kN/m in both warp and weft direction. 
Finally, we need to remark that even in the design process the fibre alignment needs to be 
taken into account. In this case, due to the symmetrical properties of the design, three 
identical parts can be observed with each their own principle directions. To ensure optimal 
structural behaviour, the total structure thus consists of three connected nets, each with its 
orthogonal directions aligned to the respective principle curvature directions. Also note 
(Figure 4) that the arches were simplified by dividing the arch into segments and fixing the 
translation of all nodes. 
  
Figure 4: Each structure will be analysed with external structure, except for the arches which are modelled 
with fixed nodes. Fibre directions are placed along the structure’s principle curvatures. 
The second methodology used in this investigation starts from a flat, vertical projection of 
the structure where the boundary points are brought to their final location only after the 
material properties are applied, thus simulating starting from a single flat piece of fabric 
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(Figure 5). In this case, the formfinding step is completely eliminated as well as the cutting 
pattern generation, which typically takes place after the structural analysis has been 
completed. In this case, since the area of the flat projection is significantly smaller than the 
actual area of the three dimensional shape of the fabric, prestress and curvature will be 
generated through the out of plane deformation of the initially flat piece of fabric. This latter 
modification is where the low stress/strain ratio of the material will play an important role. If 
one would try this with a regular PVC polyester fabric, which is much stiffer, the forces 
required to bring the fabric in its final configuration would most likely result in rupture of the 
fabric. 
 
Figure 5: By placing this initially flat pattern into the fixed boundary conditions after material parameters 
have been applied, the resulting structure’s geometry and prestress is a direct consequence of the material’s 
properties. 
The third method finds itself between the two other methods: instead of starting from a 
completely flat piece of fabric, the formfound shape has been discretised. After dividing the 
whole of the structure into three equal pieces, each segment is triangulated into four triangles 
(Figure 6, above) which were then compensated 20% to account for the pretension. Due to the 
symmetry of the structure, this method results in six flat segments, each consisting of two 
triangles (Figure 6, below). These six patterns were then combined into an approximate three-
dimensional geometry. After the unstressed state was drawn, all fixed nodes were moved into 
their final position, thus prestressing the fabric and resulting in the final initial shape. This 
third method can in fact be seen as using a rudimentary cutting pattern and tries to find a 
balance between the other two methods. 
After the initial shape was determined for all three approaches, four different load cases 
were applied: (1) a snow load of 0.5kN/m², a wind load in the (2) +X direction, (3) -X 
direction and (4) +Y direction each of 0.5kN/m². The results from both the initial shapes and 
all load cases were compared to each other in order to determine the possibilities and 
limitation of creating doubly curved structures without real cutting patterns. 
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Figure 6: The third method triangulates the formfound surface (above) to obtain a simple combination of flat 
pieces (below) which composed and tensioned form the desired structure. 
3 RESULTS 
Like stated before, the analysis has been evaluated under four different load cases. At first, 
the initial, unloaded shape has been compared. Since there is a distinct difference between 
conducting a formfinding, which will determine the most optimal solution for a given set of 
boundary conditions, and hoisting up an initially flat piece of fabric, big differences in both 
stresses and geometry are expected even in the unloaded state. These differences will then 
further influence the behaviour of the structure under different load scenarios, in this case 
snow and three different wind loads. 
3.1 Initial state 
As a first step in this analysis, both geometry (Figure 7) and (pre)stress in the unloaded 
structure were compared. When looking at the geometry, the difference is apparent 
immediately. The formfound structure has a large, continuous curvature where the structure 
that started from the projected shape displays less curvature in general as well as some 
discontinuities in its shape, which is clearly visible in the boundaries. This was expected since 
the starting from a flat shape does not result in the optimal minimal surface that is obtained 
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through the formfinding step in the first analysis. However, this result already shows that it is 
theoretically possible to obtain a three-dimensional curvature without using cutting patterns, 
although the shape becomes a direct result of the material parameters rather than an optimal 




Figure 7: The initial shapes of the regular analysis (up), starting from the flat shape (middle) and the 
approximate shape (bottom) clearly show differences in general shape and curvature. 
The same trend can be noted when we look at the prestress in the structure. The first 
analysis resulted in a more or less uniform prestress of around 0.5kN/m throughout the whole 
structure. This is remarkable, since the input given during the formfiding was 1kN/m, and the 
immediate result of the formfinding showed a very uniform stress of 1kN/m. This difference 
between the formfound state and the state with the material parameters applied might be due 
to the exceptionally low stiffness of the material, leading to an unexpected result during the 
analysis. On the contrary, both analyses that started from the flat panel clearly show important 
stress concentrations along the arches. When started from a projected shape, the stress 
concentrations are mostly located in the bottom corners of the arches, where in the case of the 
approximated flat shape the main stresses are found along the whole of the arch. Looking at 
the value of the prestress, starting from the projected shape yields a very uneven prestress, 
with an average of 0.15kN/m, where starting from an approximate shape, the initial state 
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shows an average prestress of 2.45kN/m, but which notably decreases when moving away 
from the arches (Figure 8). 
 
Regular analysis 
Max stress: 0.98kN/m 
Min stress: 0.00kN/m 
Avg. stress:  0.55kN/m 
Flat projected analysis 
Max stress: 19.56kN/m 
Min stress: 0.00kN/m 
Avg. stress: 0.15kN/m 
Flat approximate analysis 
Max stress: 7.20kN/m 
Min stress: 0.44kN/m 
Avg. stress: 2.45kN/m 
Figure 8: The prestress states for the unloaded structure (top view) show that when starting from a flat analysis, 
important stress concentrations appear. Starting from an approximated shape results in a very noticeable stress 
concentration along the arches. 
Looking at the reaction forces, the regular analysis shows forces of 6.47kN at the high 
points, 8.44kN at the bottom of each arch and between 0.1kN and 0.15kN in the fixed nodes 
along the arches. The analysis that started from the projected piece of fabric shows a 
maximum force of only 1.42kN at the high points, 10.85kN at the bottom of the arches. Due 
to the vertical out-of-plane movement, there is a notable increase in force at the bottom of the 
arches counteracting the upward motion of the fabric, as could already be derived looking at 
the stresses. In fact, looking at the fixed nodes along the arch, forces range from 1.5kN close 
at the ground and diminish to 0.1kN when reaching the top. So in this case, the arches seem to 
be the main structural element which keeps the fabric from returning back to its flat state. In 
the case where the flat fabric is an approximation of the three-dimensional structure, only very 
small reaction forces are observed: 3.11kN at the highpoints and 2.44kN at the base of the 
arches. In this case, the arch also seems to be restraining the fabric, but forces are more 
uniform along the arch than was the case when starting from the fully flat panel, with values 
ranging between 0.5kN and 0.65kN. 
3.2 Snow loading 
The first load case that was considered is a vertical snow load with a value of 0.5kN/m2. 
Due to the nature of this load, stresses will increase in the fibres that run from the middle of 
the structure to the outside, since this is the hanging line of the structure for a downward load. 
The obtained result show what we already expected: the most stable structure is the 
structure which has been designed according to the regular analysis. From the two structures 
that started from a flat piece of fabric, the one using the single projected geometry shows to 
be the most stable with a maximum deflection of 240mm. Due to the lack of prestress in the 
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structure utilising the approximated flat shape, deflections are predicted to be more than the 
double of this (490mm) in this case (Figure 9). 
 
Regular analysis 
Max stress: 1.03kN/m 
Min stress: 0.00kN/m 
Avg. stress:  0.65kN/m 
Max deflection: 100mm 
Flat projected analysis 
Max stress: 19.56kN/m 
Min stress: -0.02kN/m 
Avg. stress: 0.23kN/m 
Max deflection: 240mm 
Flat approximate analysis 
Max stress: 7.99kN/m 
Min stress: 0.54kN/m 
Avg. stress: 2.54kN/m 
Max deflection: 50mm 
Figure 9: Under snow loading the structure analysed according to the regular methodology shows to be the most 
resistant, followed by the flat projected analysis. The higher prestress in the third analysis (right) resulted in 
much smaller deflections under loading. 
3.3 Wind loading (-X) 
 
Regular analysis 
Max stress: 1.07kN/m 
Min stress: 0.00kN/m 
Avg. stress:  0.62kN/m 
Max deflection: 100mm 
Flat projected analysis 
Max stress: 19.65kN/m 
Min stress: 0.00kN/m 
Avg. stress: 0.32kN/m 
Max deflection: 180mm 
Flat approximate analysis 
Max stress: 7.21kN/m 
Min stress: 0.34kN/m 
Avg. stress: 2.46kN/m 
Max deflection: 70mm 
Figure 10: Stresses and deflections for the asymmetric wind load (here shown for a wind in the -X direction) 
shows the same trend that was noticed before: altough the stress distribution is less uniform in the third case 
(concentrated around the arches), the higher prestress results in less deflections under loading. 
467
M. Van Craenenbroeck, S. Puystiens, L. De Laet and M. Mollaert 
 
 11 
When loading all three cases with various asymmetric wind loadings, the same trend that 
was noted under snow load, came up. The most uniform stress distribution appears in the 
formfound structure. The second methodology still shows the highest stress concentrations as 
well as the biggest deflection, and the third method turns out to be the most resilient thanks to 
the higher level of prestress. 
3.4 Final remarks 
The analyses conducted above give some indication that approximating an intended shape 
by (compensated) flat triangular panels of highly stretchable material might be a feasible 
approach for temporary structures. It has to be noted however, that this research is still in its 
early stages and some approximations were made in the conducted analyses. Some of these 
approximations, such as the use of a linear elastic material model, are a direct consequence of 
the chosen analysis software, others, like fixing all intermediate nodes of the arches, were 
made to make these preliminary analyses easier to interpret. Although the research presented 
in this paper sets a first step to a possible simplification of the design of certain typologies of 
fabric structures, there is still a lot of optimisation to do on, for instance, the determination of 
an appropriate compensation factor when approximating a double curved structure with 
triangular panels. 
 
4 CONCLUSIONS AND FUTURE RESEARCH 
This paper described the analysis of a test case to verify the feasibility of using a flat piece 
highly strainable fabric to generate stable, prestressed fabric structures with enough curvature 
to function as stable temporary coverings, thus negating the need for cutting patterns. Within 
this framework, three approaches were computationally checked and compared: a regular 
approach, which starts from a formfound shape, a single planar piece of fabric, its geometry 
obtained through a vertical projection of the structure and a very crude triangulated 
approximation of the desired geometry. 
Results indicate that it is theoretically possible to obtain a structurally stable solution with 
enough curvature to function as a stable prestressed structure, but some considerations need to 
be made. First of all, in the current analysis the most optimal design still seems to be the 
formfound geometry, which shows the most uniform distribution of prestress. However, the 
result obtained by pulling the flat projected geometry out of plane still shows acceptable 
deflections and structural behaviour for small-scale temporary constructions (as long as the 
occurring stress concentrations are taking into account appropriately in the design stage). 
The third case also shows an interesting approach which might be developed further: 
thanks to the high strainability of this specific fabric, the intended geometry can be 
approximated without really needing to determine the correct cutting patterns to obtain the 
desired shape. By just picking some points which approximate the desired geometry and 
shrinking down the obtained patterns according to the material properties, you can make a 
simple tensile surface structure that has enough pretension and curvature to withstand loads. 
Comparing this approach to the second one shows that, even though it is a bit more elaborate 
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than starting from the projected geometry, the extremely high stress concentrations are a lot 
less severe when the intended structure is (roughly) approximated from the start. The concept 
of these prestressed fabric structures without conventional cutting patterns thus might be a 
viable solution for the private consumer market, replacing the current small-scale frame and 
tarp solutions which are often found in gardens. 
The next step in this research will be the experimental validation of the concept, by 
building the design described in this paper. This step will provide a hands-on feeling with the 
structural behaviour and stability as well as exposing any difficulties that might arise during 
the set-up procedure. This will also serve as a validation of the computational model since the 
used computational environment imposes some important approximations on both the general 
analysis and the material model. Once this proof-of-concept has been finished, the question of 
optimisation may arise. In this step, the geometry of the flat panels can be optimised to reach 
a more uniform prestress. 
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